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(54) Ferritic stainless steel plate and method 



(57) A ferritic stainless steel plate of excellent ridg- 
ing resistance and fomnability, as well as a nnanufactur- 
ing method thereof are proposed. Specifically, the rolling 
Is conducted at a rolling reduction of 30% or nriore in at 
least 1 pass and at a temperature difference between 
the center of the plate thickness and the surface of 
200*C or lower In a pass for the maximum rolling reduc- 



tion to cause the area ratio of a {111} orientation colony 
to be present by 30% or more In the regions of 1/8 to 
3/8 and 5/8 to 7/8 of the plate thickness. The {111} orl- 
. entation colony Is an assembly of adjacent crystals in 
which the angle of <il1> orientation vector for each of 
the crystals relative to the direction ye^ctor vertical to the 
rolling surface is wjthin 15**. 
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BACKGROUND OF THE INVENTION 
Field of the Invention 
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Description of the Related Art 

ridging resistance. ^"^ '"^^P^"^'^^- ^"'1 have improved de^ 

deep drawing properties and ridqina rZtetenc2 ^TiTlo ?' "^'"^ P^f^'"^ °' bendability. In addition to- 
portion of Ihe^ale^an beTulS S^^^^^ 

is indicated by the bulging he^ht which feSa^lJ^^ mm ^^h ^ . ^"^'"^ P"'" ^"''^ constrained. This 

by pressing wrthou, co JraininVthe ptete e Jd^^^ '^"'"^ P^^P^^ (evaluated as the "r value") 

for exarriple. Japanese Patent Lai^-Or^Xo isOB^m^^ 

defining the length of the colony in the dfr^lon lr^! J^!fy.^ -l"'^'^'''' ""^ '"^'"9 '^''^m resistance by 
6. hereinafter simply referred to 2 The f^^oZp ,. .nf (filing direction as shown in Fig 

the colony in the d^LfonX p Lit icS^^^^^^^ 
ratio of a {111, Orientation colony^o 15%ti iT^^^^^ 

of the plate wWth to 1 00 /1 000 1 Thereb^^^^^ 

the{111} orientation colony in the'^rfctirXrZe v^^"?'^ °' Plate and Increasing the rafio of 
[0007] In any of the meLds described above ffeTS^^ 

causing a great amount of the {111} orientatircolorwtoS? l.*^ P'°P«'^ 

making the size of the {111} oriLLn S^rirsSeT ' "^'"^ resistance of the plate by 

No,310122/1995disc.osesare;rq^e15^r^^^^^^^ 

to improve the deep drawing property (rvalue) the riZ7reTsSr«n?f k T P^^^^'"9 This intends 
the temperature for at rough LngO MO to ? 

discussed m^n^ in vtew of rTmetorclusL nT^^^^^^^^ ""T "''^'^ ""^'"^ '''' '^'^ 

(N0.3132 defined by JIS(Japanese Industrial Standa,^)GoJ 2) e^^^^^^^^^ '^'^ 

the surface of the steei plates, give undesired effects rin.7«„H Qfi- u 1 , ^ direction, tocaled just beneath 
Japanese Patent Laid-Open No.LaeoS sssS^^^ 

sions suffering from worf-induced pircfeSr^^S^n^^^^^ replacing A type inclu- 

as granular oxides dispersed irreglrly in the s3s Z 1 l^^Z S . ^ '^"""^'^ "^'^ ^°202) such 
No. 306435/1993 discloses a method of «i^»tfnn1^ no plast c detomiation. Further, Japanese Patent Laid-Open 

higher,suchasFe.Cr.9998v^!ri;?e-S^^^^^^^^^^ : 
[0010] Further, Japanese Patent Laid-open No 104818/197/1 HicoUe^. ; 

controlling chemical compositions as Mn/S^. 1 .4 and WasinJ 1? sTo " '""'^^''""y ''^ ^ 
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[0012] In view of the above, it is an object of this invention to overconie the problems in the prior art described above, 
and to create a ferritic stainless st el plate having excellent ridging resistance and formability (such as deep drawing, 
bulging and bendability), as w II to provide a novel manufacturing method. 
. [0013], This invention further has, as an object, to provide a ferritic stainless steel plate having excellent ridging 
5 resistance and fonnability, as well as a manufacturing method, with no particular requirement of special ch mica! 
compositions such as reduced content of C or addition of Ti or Nb, high purification or control of the Mn/SI rates. 

SUMMARY OF THE INVENTION . • 

10 [0014]. We have carefully studied the reiatlonship between the ridging and the crystal orientation distributi^^ 

direction of the plate thickness, for attaining the foregoing purpose. As a result, we have discovered a new way of 
improving ridging resistance and fomiabillty (such as the deep drawing, bulging and behdabllity) of general purpose 
ferritic stainless steel plates typically represented by SUS430 and the like. We have discovered that it Is important to . 
positively utilize a {111} orientation colony and, particularly, that it is extremely effective to control the colony in a 

15 specified position within the transverse direction (TD) plane of the plate, hereinafter simply ref en^ed to as the TD plane. 
It Is important, specifically, to distribute more {111} orientation colonies In the two regions whteh comprise 1/8 to 3/8 
and 5/8 to 7/8 of the plate thickness, in which columnar crystals are fomned within the cross section In the direction of 
the plate thickness. Further, It has also been found that plate bendabllity Is further improved by controlling the mean 
crystal grain size of the steel within a predetermined range. 

20 

(1 ) The fenitic stainless steel plate of this invention has the following characteristics: 

The area ratio of {111} orientation colonies, defined as below measured, in the cross section in the direction of the 
plate thickness cut into a rolling direction, is defined to be about 30% or more In the regions extending from 1/8 to 
3/8, and the regions extending from.5/8 to 7/8 of the plate thickness within the cross section, In the direction of the 
25 plate thickness: The {111) orientation colony is an assembly of adjacent crystals in which the angle a of the <1 1 1 > 

direction vector of each crystal relative to the orientation vector vertical to the rolling surface, is within 15^. That is 
shown as the orientation of the nomial direction in Fig. 6, hereinafter refen-ed to as the "ND"* orientation. 

The rolling surface indk:ates the surface of the rolling material. Referring to Fig. 6, this is a surface In parallel 
with the ND plane, which indicates the top surface or bottom surface of the rolling material: 
. 30 (2) A ferritic stainjess steel plate having excellent ridging resistance and fomiabiiity as defined in (1) above, wherein 

the mean crystal grain size is from about 3 to 1 00 jim, preferably, about 3 to 60 pm. 

(3) A method of manufacturing a fenitic stainless steel plate having excellent ridging resistance and fomnability by 
rough rolling and finish rolling slabs in hot roliing, applying annealing and cold rolling to the hot rolled plates and 
then applying finish annealing, wherein the rough rolling is conducted at a rolling reduction in at least one pass in 
35 the rough roliing step of the hot rolling of about 30% or more, and at a temperature difference, between the center . 
of the plate thickness and the plate surface, of about aoo^'C or lower in the pass where the rolling reduction. Is 
maximum. . : , 

BRIEF DESCRIPTION OF THE DRAWINGS . \ 

■ 40 ■ :' ■ 
[0015] 

Fig. 1 is a graph illustrating the relationship between the area ratio of the {111} orientation colony in the regions of 
1/8 to .3/8 and 5/8 to 7/8 of a plate thickness, and the "r value" and ridging height; . 
45 Fig. 2 Is a graph Illustrating the relationship between the area ratio of the {111} orientation colony i^ 
1/8 to 3/8 and 5/8 to 7/8 of the plate thickness, and the ridging height and the bulging height; 
Fig. 3 Is a microscopic view showing a cross section of a plate, and measurements of crystal orientation distribution 
by Electron Back Scatteiring Diffraction method (E5SD). for cold rolled annealed plates of the examples and com- 
parative examples; 

so. Fig. 4 is a graph illustrating the temperature difference between the center of the plate thickness and the surface, 
as related to the fomnation of ttie {1 11 } orientation colonies in the regions between 1/8 to 3/8, and In the regions 
between 5/8 to 7/8 of the plate thickness; 

Fig. 5 is a graph illustrating the effect of the maxinium rolling reduction per single pass of rough rolling on the 
fomfiation of the {111} orientation colonies in the regions between 1/8 to 3/8 and between 5/8 to 7/8 of the plate 
55 thickness {111}; and 

Fig. 6 is an explanatory view showing each of the directions and planes of the RD (Rolling Direction), the TD 
(Transverse Direction), and the ND (Nonnal Direction). .... 



3 



EP 1 113 084 AT 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 



20 



. 25 



30 



40 



45 



50 



55 



5 heated to 1 1 70-C and then ^nbS^oM^a^^^ ' ^'^^ ^00 mm thtekness, 
to prepare hot rolled plates haS^ 4 o 1^^^^^^ ^'•"'S «nd 7 passes of finish rolling, 

procedure was w«hin the range fr?m ^763% a^d thi '^'I^^^''^ '^^^^^ reduction in the rough rolling 

ness and the surface of the S blfor! te nfo ot 13 wf h '''"f "^"'^^ P'«« f^''^' 

temperature difference between thrcenter onhe 1?I ^ ' ^"9" 233-C. The 

« mainly by controlling the amotmt ^ cootg wa ?ordel^J£ f 
hot rolling was conducted wtth a roil diametrySo tnSo?r;m^^^^^ 
Then, hot rolled Plates were annealed aT^i.C ,o? I h^^ ^ 

. . subected to finish annealing at 598 to 1125»C for 324%Tor If* a"^' ^^en 

mm plate thickness. ^ Pr^Pare ^ld rolled anne^^ 

" iSion wrs^^eSr^^^^^^ 

erally. Accordingtothe dmiSon m^^^^^^ 
and the inner teSperaLS SsteerpS 
measured tempeLre of tSe surf^i of he^^^^^ 

diameter, the amount of cooling Ci t^e hL ^Tl'^^^^ °' Pl^'^ "efore and after rolling, the ro5 

conduction coefficient bS^en th?^^^^^^^^ 

perature of the steel plate cah be m^LiSd L Tbedr^^^^ ^^'"^ tem- 

confinr^ed that this measured v^uraZxtilTa^et^ ^ P'^^" " 

in acconiance with the heat conduction^ireSion Sr ' "'^ ''^'^^ '^^^'^^^^ 

=by':s:rz:e%rr:rrg'^^^^^^^^^ 

Science. 13 (1979). p 95) while conslderino tt,J rn!;!^?f ^evadas. C. M.. & Whiteman. J.A.: Metal 

Society forT^hno/o^ of pSSrbTo^^^^^^^ Perature; "Journal of the Japan . 

and Steer, by Sekimoto. et al. 61 0 975) p^i7S9 Ind^^^^ he roH temperature (Reference Hterature: "Iron 
of Plate Rolling" published f om NipSn TeSo S j^^^^^^ 

temperature of the piate surface before hlt.?nh ^.? ^'«^'««'>" (1984) p 36 - 37). Concretely, the 
theheatingpatt.mi^a?.r;L^t r^SZa^^^^^^^^ 

themiometer just before charging into the he Jlot rn«^f tk.! ■ surface temperature by a radiation 

thatis.atthecenteroftheslab«;SataLoS 
ofthesiabinthelongitudinalcenSpoln^^ hes^^^^^^ 

on the surface of the plate and the temoerature atth^^J^T \ ^ ^^''"^ the temperature 

Of the stands Of therough rollinrmilTerH^^^ 

- value for the temperature in thldi e^^n JfhT^S 
on^^e.uenthysteresissuchascont.twith^^^^^^^ .. 

i Platethickness. Theeffects on thfd ep tT^^erti^^^^^^^^^^ the cross section in the direction of the 

forthe thus Obtained rolledannealedpLsareshT'rnF^^^^^^^^^^^^^^ 

regarding the effect of the {111} orientation colony area raio iri Zl/8 StJ 1^ 'IT """"" examination 
plate thickness on the bulging height is shown in F^Z regions and the 5/8 to 7/8 regions of the 

St^iiViirn^rsrer^^^^ 

to the rolling surface (ND orientationi Forth.. /iitr^ ^ V. , ^ " ^^^^ orientation vector vertical 

InthedirecLoftheSehSn^^^ 

centerofthesteelplalatal^mmei^^g'S^^^^^^^^^^^^ 

detemiine the area ratio of the (111) orientation colon; ^tio 1/8 fo^^Sn Diffraction) method, to . 

thickness. Since it is generally considered that th J TrLnlt region and .n the 5/8 to 7/8 region of the plate 

direction and is cut afong the rZg d Sion ^ '^^^^^^ flSl" t'? ^'''f "'^^^ ^'^^"'^ 
direction. ■ ° ^ '° ^^^''y *'"'* °"entation colony by cutting along the rolli^^^ 

t0022J Detemiinatten of properties of the plates are now described. 
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Mean crystal grain si/e: 

[0023] The mean crystal grain size was detemriinecl by cutting, using an optical mbroscope, drawing lines each at 
10 ^im Intervals on a microscopic photograph, measuring. the number of crystal grains on the lines, :and taking the 

5 average value. Deep drawing property: 

[O024] JIS (Japanese Industrial Standard) No. 13 6 test specimens (sampled from three positions at the central 
portion of the plate width and at each of 200 mm points from the plate ends in the direction of the plate width on every 
50 m interval along the length of the plate) were used and applied with 15% monoaxial preliminary tensile strain to 
detemriine the r value in each of the directions in accordance with the three point method (rL, rp. rc), the r values for 

10 each of the sampled positions vyere calculated In accordance with the following equation and an average value was 
. detemnlned. 

r=(rL + 2rD + rc)/4 

15 

\T\ which rL, rp and r^ represent, respectively,, r values In the rolling direction, and in a direction of 45' to the rolling 
direction, and in a direction of 90**:to the rolling direction. 

Ridging resistance: 

so . ; 

[0025] After applying 20% tensile strain to JIS No. 5 test specimens sampled in the rolling direction (sampled from, 
three positions at the central portion of the plate width and at each 200 mm point from the plate ends In the direction 
of the plate width, taken at every 50 m interval atong the.plate), the ridging height (jim) was measured using a surface 
roughness gauge, and the ridging resistance was represented by the maximum value among them. A lower ridging 
25 height provides a higher ridging resistance. 

Bulging property (liquid pressure bulge test) JIS G1 521 : . 

[0026] The test specimens were sampled from three posltionsv at the central portion of the plate width and at each 

30 ■ 200 mm point from the.plate ends in the direction of the plate width on every 50 m interval along the length of the plate. , 
A liquid pressure bulge test was conducted at a clamping pressure of 980 kN using a 1 00 mm^ circular die to determine 
the bulging height. . • 

[0027] The following trend can be seen from Fig. 1 . As the area ratio of the { 1 1 1 } orientation colony exceeds 30% in. 
the 1/8 to 3/8 regions and the 5/8 to 7/8 regions of the plate thickness, the r value exceeds 1 !3 and is stabilized at a 

35 high r value of about 1 .5. Further, the ridging height is abruptly lowered in the region where the area ratio of the {111), 
orientation colony is 30% or more to about 4 ^m or less, and tiie. ridging resistance was improved. 
[0028] Further, as shown in Fig. 2. when the area ratio of the {111} orientation colony In the 1/8 to 3/8 regions and 
in the 5/8 to 7/8 regions of the plate thickness exceed 30%, the bulging height exceeds 30 mm and It tends to be 
stabilized at a high value of about 37 mm. 

40 [0029] Fig. 3 shows an example of measurements of crystal orientation distribution for cold rolled annealed plates 
having excellent deep drawing jand ridging properties (example of the invention) and cold rolled annealed plates having 
poor deep drawing properties and ridging resistance (comparative example), by sampling test specimens at a 1/2 
position in the direction of the plate width and in an obsen^ing direction toward the plate width direction (TD direction) 
by the EBSD method over the entire plate thickness (0.6 mm). From Fig. 3, It can be seen that the existing ratio of the 

45 {111} orientation colony (the gray portion in the drawing) Is high mainly In the 1 /8 to 3/8 regions of the plate thtokness 
and In the 5/8 to 7/8 regions of the plate thickness. 

[0030] In Fig. 3, the showing appears gray when the angle a is fomried between the orientation vector vertical to the 
rolling surface (ND direction in Fig. 6) and the <111> direction vector for each of crystals. 

[0031] Further, the reason for defining the orientation distribution, the mean crystal grain size and the manufacturing 
50 method of fenitic stainless steel plates within the range described above in this invention, will be described. 

Orientation distribution and isurface for observing the mean crystal grain size in the rolling direction: 

[0032] Since it is considered that each orientation colony in the hot rolled plate generally extends, in the rolling di- 
55 rection, and that the orientation colonies can be found easily by cutting along the rolling direction, It is indeed cut in 
the rolling direction. However, in the event that this can be recognized as the orientation colony, cutting is not necessarily 
restricted exactly to the rolling direction. 

Area ratio of {111) orientation colony in the 1/8 to 3/8 regions and In the 5/8 to 7/8 regions. of the plate thickness: 30% 
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or more 
[0033] 



corresponding to the slab colurnnar S portion wh^S ? '''' '° P'^^ '"ickness 

property. ^ ' ' md.spensable for the improvement of the bulging 
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[0034] As is shown in Figs. 1 and 2 if the arpa ratine tK^ • ... 

6/8 to 7/8 of the plate thickness, is 1^ than ZtS ITJ^'^ h°"T°" ^^^'^"^ »° 3/8 and 
and, the r value is lowered as less Z 1 S S buloTno T T'"^' ^"'"'^''^ '^^'^ ^0 m or more 

the bulging height (Fig.2) increases win ^^^^^^ '''' mm. Particularly. 

30%. Accordingly, the area ratio of the {1? T oTentin .^^toit t ll '^'^ '^"'^"'^^ ^''^^^^s 
to./8ofthe.p.atethiokness.isdefinedlsaL::r3rrr^^^^^^^^^^ 

MeancrystalgrainsizeiaboulStolOO^m ^ 

for preparing them in which recrystalllzatlon tio^noX^^^!^T7 ^ ^""^^""^ "'^ rolled plate 
are released upon bending tending toSe b^nSa cra!^^ sufficiently and strains caused in the steel during rolling . 

ceedingabout100^m.craLtend'roc^ LrqTend.^^^^^^^ ''""^ ' "^'"^ ''^^ « ' 

Size is defined within.a range from abom 3 to aS 1^ ^^^^^ if TT' '""^ '"^^'^ ^'y^'^' 

can becontroiied mainly byafinishanneali^taZ^^^^ 

TemperBtured«erencebeh.eenthecenterofthep.atethlckn^ . 

r^jthrisTrstrsr:^ 

between the center of the plate ihXZ e^a"^Z!^LT J T^'''' ^""'^ temperature difference 

respective {1 11 J orienUtion' coionlS are pT^nt in an a^eaTatroIL ' r^S' " '^'9- ' 

annealed plates, within the range in which S tll^turrdi^r I . °' °^ ">««d 

the surfaces is inarange of about 200-ctroUr"S 

not reaching about 30% ■ ' ' ^^^^^'^'^sfavrng the rough rolling maximum rolling reduction 

30%ormoresincethebehavk>ruponrirJsta^^^^^^^^ 
^ andtheviclnityofthesurface.HeLondu^rtoEr^^^ - 
the rolled material in the direction of the plate thtekn^i^i^. II and a temperature distribution is appliedto 
rolling, is averaged and reduced by the heaicondS^n In fh« ? r '"T'"'"'" maximized just after 

by temperature distrtoution fLedi fteS^nTti^^^^^^^ 

by the coolant (usualV. water), applied to tSuX of t^^^^^ dunng heating in a heating fumace, orcaused 

rolling. Further. thetempemturedifferenceTdete^^^ ^" of descal|ng just before rough 

is averaged by heat conduction in the Sr^he J^^^^^^ andthetime until the temperatul 

Maximum rolling reduction per Single pass Of rough rolling: about 30% or more 

(i?Zer.s^^^^^^ 

rough rolling. It can be seen from Fig. 5 tS^ ^e 1lSir„ ' T "'T"'" '"''"^ re^^^oiior^ persingle pass of 
fomied in the aforementioned regions of l^to and ^^1??^ ^'^^ °' 3°°^' °^ "^"^ 

necessary to make the max^umWrlln at ea! plr si!a^ iTt 'IT'' " ^ 

step in order to ensure an area ratio of L {l lToriertS^^ 

and in the 5/8 and 7/8 regions of the plate tlitekner ' ^ ^"'^ '"' regions 

Finish annealing: about 700 to 1100'C, within about 300 sec. : 
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annealing condition is preferably Set to an optimal condition. If the tempei-ature for the finish annealing Is lower than 
about 700*C. r crystallization do s not extend connpletely into the central portion of the steel plate, and it is difficult to 
obtain sufficient fomnabllity. particularly bendability. Further, if it is annealed at atemperature exceeding about 1 1 00®C;.. 
the crystal grain is grown coarser than required; tending to cause cracks upon bending. Also in a case where the 
5 annealing time exceeds about 300 s c, the crystal grains also become coarser, worsening bendability. Accordingly, 
the finish annealing is desirably conducted within a temperature range from about 700 to 11 OO'C. preferably, about. 
800 to 1000^*0, and within a time of about 300 sec or less, preferably about 10 to 90 sec, 

[0041] This invention is applicable with no problems to fen-itic stainless steels of various chemical compositions and, 
particularly, applicable also to ferritic stainless steels with no particular requirements of specific chernical compositions, 

10 including C, N, or with no addition of Ti or Nb, or no need for high purification or Mn/Si control, for example. 

[0042] Concrete chemical compositions to which this Invention is applicable advantageously can include (mass% 
basis), 0.1% or less of C, 1 .5% or less of Si, 1 .5% or less of Mn, 5 to 50% of Cr, 2.0% or less of Ni, 0.08% or less of 
P, 0:02% or less of S, and 0.1% or less of N and, optionally, one or more of elements selected from 0.5% or less of 
Nb, 0.5% or less of H, 0.2% or less of Al, 0.3% or less of V, 0.3% or less of Zr, 2.5% or less of Mo, 2.5% or less of Cu, 

T5 2.0% or less of W, 0.1 % or less of REM, 0.05% or less of B, 0.02% or less of Ca and 0.02% or less of Mg, and the 
balance of Fe and inevitable impurities. 

[0043] In addition, It is preferred in this invention that the slab heating temperature in the hot rolling is from about 
1000 to 1300*C and, preferably, from about 1100 to 1200^*0 In view of the surface property and that the rolling tem- 
perature Is from about 600 to 1 0OO'^C, preferably, from about 700 to 950*C as the temperature at the finish rolling exit 
20 In view of the surface property and ensure for the workability. Further, annealing for the hot rolled plate is preferably 
conducted at about 700 to 1 1 00"C for about 1 0 sec to 1 0 hours depending on the kind of steel. Further, while the cold . 
rolling may be finished in accordance with the plate thickness of the products, the cold rolling reduction is preferably 
about 50% or more with a reason of further improving the pressing workability. 



25 EXAMPLES 

[0044] The following examples are not intended to define, or to limit, the scope of the invention as defined in the 

clalnris. 

[0045] Fertltic stainless. steels comprising the cheniical compositions and the substantial balance of Fe shown in 
30 Table 1 were prepared by melting each into a continuously cast slab of 200 mm thbkness, heated to 11 70*C and then 
hot rolled, comprising 6 passes of rough rolling and 7 passes of finish rolling, to prepare hot rolled plates of 4.0 mm . 
plate thickness. In this case, the maximum rolling reduction of the rough rolling step was varied In the range from 24 
to 63%, and the temperature difference between the center of the plate thickness and the plate surface just before the 
rolling roll nip, in the pass for maximum rolling reduction, was changed variously within a range of 233*C or lower. The 
35 method of determining the temperature difference between the center of the plate thickness and the surface was already 
described above. The temperature difference between the center of the plate thickness and the plate surface was . 
mainly controlled by adjusting the amount of cooling water between 0 to 6800 titers/mln/m, and rough rolling was 
conducted within the range of the roll diameter of 500 to 1500 mm and the roll speed of 50 to 500 m/min. Then, hot 
rolled plates were annealed at 850*C for 8 hours or at 900 to 960*C for one min and after cold rolling, finish annealing 
40 was conducted while changing the temperature and the time within various ranges to form cold rolled annealed pl^ites 
of 0.6 mm plate thickness. 

[0046] For the thus obtained steel plates, the area ratio of {111 } orientation colony in the two regions comprising 1/8 
to 3/B and 5/8 to 7/8 of the plate thickness, and the mean crystal grain size within a cross section vertical to the plate 
width were measured, respectively. The results are shown together with the deep drawing property (r value) , the 
45 . bulging height, the bendability (occurrence of cracks) and the maximum ridging height In Tables 2, 3 and 4. 

[0047] For the area ratio of the {111} orientation colony, the crystal orientation In the cross section of the entire plate 
thickness (0.6 mm) x rolling direction 0.9 mm by the EBSD method was measured to determine the area ratio of the 
,{111} orientation colony in the each of the regions 1/8 to 3/8 and 5/8 to 7/8. 

[0048] Further, bendaibility was evaluated by applying a 20% tensile strain to JIS No. 5 test specimens sampled in 
so the rolling direction and then conducting complete contact bending at 1 80^, and based on the absence or presence of 
cracks fomned in the bent portion. Further, the deep drawing property (r value) , the maximum ridging height and the 
bulging height were measured in accordance with the same methods as those explained for the result of the experiment. 
[0049] As shown in Table 2 to Table 4, it can be seen that examples of the invention had excellent deep drawing 
properties (r value), bulging properties, bendability and ridging resistance, compared with those of the comparative 
55 examples. 

[0050] As has been described above, we have discovered how to provide ferritic stainless steel plates that have 
excellent ridging resistance and fonmability by controlling the rough rolling in the hot rolling procedure to ensure the 
important area ratio of th {111} orientation colonies in the regions 1/8 to 3/8 and 5/8 to 7/8 of the plate thtekness. by 
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about 30% or more. 

[00511 Further according to this Invention 



including general ^^^ZZ^^J^s^^^^ °^'--<^ fe.«ic stainless stee. 

particularly, reduction of C or N. addition of "H orNb and Z S^i rT'"'' '''^^^ '^'^'''^ compositions. 
asta.esuppiyot,er.ics,ain,ess.steelp.tJ^^^ 
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Claims 



5 fZ lli 1 ^ * °' ^''^^^^ °' ^^^'i c-vs^al relative to an orientation vector vert cal to 

section in the direction of the plate thickness cut into the rolling direction is about 30% or more In the reaions of 
ofteX^i^^^^^^^^^^ 

10 2. Aferrltfcstalntesssteelplateasdefinedincilaimi, wherein t^ ^00^ 
3. A ferritic stainless steel plate as defined In claim 2! wherein saW rr,ean crystal grain size is from about 3 to 60 ^m. 

5. A ferrtlic stainless steel plate as defined in claim 4, which further comprises one or more elements selected from 
the group consisting of about 0.5% or less of Mb, about 0.5% orless of U about or S a?1S^0 3% 

^'lis oi Mg ' ' 

^' N^c °' °' stainless steel plate having «ccellent ridging resistance and fom,abllity. com-. 
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20 
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30 



35 



40 S 



45 



SttnS^ ^"'^ ^""^ """"^ - rolling, applying annealing and cold rolling to the resulting hotrolled 

applying finish annealing, 

s^g^Si'sr?:::-^^^ 

200 C or less in said pass where said rolling reduction is maximum. , . 

7. A method of manufacturing a ferritic. stainless steel plate as defined in claim 6, wherein said finish annealino is 
perform^at an annealing temperature of from abdut 700 to HOO'C and during an annealing te oTrurioo . 

A method of manufacturing a ferritic stainless steel plate as defined In clalin 7. wherein said annealino temoerature 
IS from about 800 to l OOO'C and said annealing time is about 10 to 90 sec. annealing temperature 
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FIG. 1 
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AREA RATIO OF {1 1 1 } ORIENTATION COLONY IN 
1/8 - 3/8 AND 5/8 - 7/8 REGION OF PUTE THICKNESS (%) 
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